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I I 

A large, similar diurnal variation of the inteasities of 

geapagaetically trapped and of precipitated electrons i s  ob- 

in data obtained w i t h  the law-altitude satellite! Injun IZI over 

the period December lg& to September 1963. Ime northern UmLt 

of detectable electran (E > 40 keV) intensities was at L 

(A - -no) at local nom a m ~  at Lz 8 (A: e') at local 

20 - 
midnight. Several polar plats of tbe median intensities of 

electraas as a mct ion of local time and the shell parameter L 

(ami A = arc cos ere displayed. A local acceleratlan 

mechanism far electrons (E 40 keV) a the SUmJard Side - 
the lIlagnetosphere I s  suggested in this preuminary 8-Y by 

apparent maximum of prec5pitated electron intensities near 

locsl noon at L .., 8.  

of 100 cx greater) begins abmptly at L - 8 and extends to all 

'IbR diurnal effect (a factor of the cud- 

hlgher I, s h e l l s ;  the local tine dependence of the median 

electron intensities is more or less symmetrical ab& the noan- 

midn&ht meridian but may be more nearly symmetrical abauf 8 
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By the use of earth satellites and space probes, It has 

beccme possible t o  observe, in situ, departures f'rau rotationaJ 

8Ymmetrg of the earth's magnetic field and odl tbe charged 

particle distributians therein, which have been previcusly 

suggested by ground-based observations of upper 8tnnOspheric 

m e m t s  near the geomagnetic equatorial plane at large 

radial. distances fran the center af the eart'n with 

EIQlarers xu: 8nd xtv &3nk, van Allen, aed magno, 1!9q7 

have shown R strag de-ence of the electron int~msi t ies  

on the angle fran the earth-to-stm l-; the outermost limit 

of large electron intensities is - 10 % at local noon and 

- 8 

Wso a significant diurnal  variation UP the intensities of' 

trapped electrcas has been observed at lar altitudes and hi& 

latitudes with Injun I BfBrien, lm; the northern limit of' 

trapped electrons at 1,000 hn altitudewasat - 75" -tic 

latitude at local noon ~ n d  

at local mfdnight and beycud 16 F$ at local rnorniq. 

- eo at loca l  m.tdni@t. 

Investigations of this effect in te rms of distortion 09 the 

geunagnetic f i e l d  by the solar wind have been attempted 

B s o f u ,  1963; Hones, lw. Ground-based experfmentel 
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researches such as a w e  riuneter measurements ,@title and 

Ieintwch, 1958; Easler, 1 9 G  arid visual auroral studies 

&f. mvis aod Dewitt, 1- hsve famd sig;nificmt local 

t i m e  va;riatians of these phenanena of the upper atmosphere. 

If In turn these phenanena are attributable to the dawnflux of 

corpuscular enera fran the magnetosphere surroundisg the 

earth, slmilar,  large diurnal effects shoutd be expected In 

the precipitated charged particle fluxes. Precipitation of 

electrons into the atmosphere has previously been observed by 

direct detection with Injun I @5en,  lw. Further, Prom 

the gross spatial and temporaZ characteristics of the charged 

particle distributions w i t h i n  the near a d  distant msgnetosphere, 

bpartant information ccncerning local acceleration mechanisns 

c8n be obta5aed. 

A preliminary survey of the diurnal varlatlons of trapped 

and uf precipitated electrons at high latitudes us- data fran 

the lav-altitude satel l i te  UJun 111 for the period Deceuiber 

19& tbraagh September 1963 i s  given in the follawing presen- 

ticar. 
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The Injun 111 satellite which was des- and can- 

strutted at the State IMversity of' Icma was launched on 

11ecenber 13, 1% into aa orbit w i t h  ap=ee altitude 

2795 km, Perigee altitude of 237 km, an orbital inclination of 

70 .k0, ard a period of 1-94 h a r e .  A description of the 

satellite equipment is given by O'Brien, Laughlin, end 

fi*mn++ Rnm. %= cfscsss a + ~ = s e  ~~+~~~ L% 
e 7 - J S  

of pertinence t o  the present investigation. 

~ t l c a l l y  alignea with respect to the local magnetic 

field by means of an on-board megnet, and the fields crP view 

of the charged particle detectors were designed to util ize 

t h i s  magnetic orientation in order t o  distinguish between the 

InJm III was 

gecmagnetically trapped and the precipitated coapusculas 

radiation. Ctn-board mRgnr?tuneters sllaved a verification aif 

the proper orientation of the satellite with respect t o  the 

loca geamegnetic field direction, A g~aphical mmnnasy of the 

local times for the s a t e l l i t e  over Hmth America for each 

month of observations used in the present analysis is given 

in FQure 1. Since data are available over the period 

Decder 1% tbrough the middle of September 1963 the precession 

of the clirbital  plane allowed us t o  eventually sample a l l  local 

tiares. 
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Real-time telemetry for Injun III was received by 

statiuna throughout the world, but predcabantly In North 

Am€?rlca. The magnetic tapes were then sent to SUI where 

decoding std m e r g a  w i t h  an ephemeris supplied by the Gcddard 

space Flight Center of EiSA were performed. 

Two charged particle detectors af the Injun III ccnplennt 

& &WhRl?y htemSt b this 8UITWy Of diUrIlal 

effects: 

(1.2 &an2 mica) Geiger-Mueller tube with a cmical f i e l d  of 

view cxf halfowe 43" whose exis was directed upward alw the 

local m e t i c  f i e l d  vectur when the satel l i te  wa8 in the 

noslthern hemisphere and was oriented properly, a ~ d  (b) a 

similsr detector with a conical f i e l d  c@ view of half aagle 13" 

whose axis was directed 90" to the local magnetic field 

vectar. !5e farmer detector measures the Intensity of electrons 

pmcipltated into the atnosphere vith a unidirectional gecmetric 

factar ct 0.6 x loo2 cm2 sr and the latter detectar measures 

the intensity of trapped electrons wlth a unidirectimal 

getmetric factor 1.5 x loo2 cm2 a. ~)ath detectors have 

electron thresholds of 40 keV @. Frank and Van Wen, lw 

a& proton energy thresholds of 500 keV. 

the responses of these detectors at L > 
to electrons (E > 40 keV) rather than due to  protcpls 

(a) an m s h l e l d e d  Anton type 213 thin-windawed 

Identification of 

4.0 as those due 
h 

- 
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(E - 2 500 keV) is pruvided by the p-n junction detectars on 

Infun IlI which simulta,neously masure the intensities and 

energy spectrum of protons (700 keV 5 E 5 100 MeV) (caurtesy 

of C. Bostron and G. pleper of the Applied Physics LabaratCYZ'y, 

Johns Bopldns Mversity). bss  than 24 of the data was con- 

tamioated 

tubes an? 

- loo2 to 

by s m a l l  solar protan events. 

&so sensitive to sof t  solar x-rays (efficiency 

10-l over the range ~ r f  4 to 12 i); the inft.equent 

The Geiger-Mueller 

periods UP ccpltaminaticc by soft solar x-rays are identified 

by the characteristic caunting rate peak as the cmrespolndiag 

detectarts field of view sca98 the sun and by verifying that 

the sun was within the detector's f i e l d  af view by means of 

on-boeml light-sensitive devices. 

of both of the above detectors were in the linear region of 

detector response rim a Functlm of incident electran intensity 

and uncertainties in correctlaas for the dead-tlm of these 

instruments fur above-median counting rates did not have any 

iSluence on the median rates, aP course. 

The median caUntbg rates 

- 

! 
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I11 . n4TA 

Bie apprcwch of this pml- investigation of the 

gmss a i m  varlstians of' electron (E > 40 kev) intensities 

using Injun 111 data is straightforwazld. 

data at L 3' 4.0 were available for analysis; a short 

synopsis of these passes as t o  station, hemisphere, and 

manth is given in !Bible I. 

- 
Over 700 passes of 

AI 

The data are pxedaninantly f'rcx 

wAbi &atizs { + rAd1 -4 b r m a  +hn cnrn>l+a & p w p 1  SLYU -*- _I ----i- 

present antilysis pertain especially t o  this region. The data 

were ordered with respect t o  the B and L psramefers 

@la, 1- and Were 88s- to the appmpriRte la 

time a t  the polnt of observation. For a chosen value of I,, 

the data were grcuped a c c d i n g  t o  ranges at B and plotted 

as a function of local t i m e .  Eight-secoed a-s of the 

detector counting rates were used; anly one data point per 

pass waa ass- t o  a given L value and no selections of the 

data accarditlg t o  5 or season were made in this preliminary 

investlgeticm. 

study the diurnsl variations of electrca precipitaticm 

(the correspcmdiag detector looks dmnwaz%l, towerd the earth, 

i n  the southern hemisphere); both northern and southern 

hemisphere passes were used 2n the study of trapped electron 

intensities although the number of southern passes is cctnpara- 

ti- w (see %%le I). 

Only northern latitude passes were used t o  
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Summary aF !MielUte &sees Used 
in the Present Investigation 

M mses .................................................. 725 
Ikwtkrn Hemisphere ................................... 664 
southern &misphere ................................... 61 
Deceuiber 1962 ......................................... 42 
Febrlaary .............................................. 73 
March ................................................. 47 
A m  ................................................. 67 
Mw ................................................... 112 
Jtme .................................................. 140 
July .................................................. 122 
September ............................................. 36 

r ..-..-. rnL- O L  u-y LyUD .......................................... w 

Percentage of Msaes by Station: 

Iawe clty ( S U I )  ....................................... 475 
Prince Albert ( M a )  ................................ 26$ 
college (Alaska) ...................................... ll$ 
WocnSerS (M6-b) t . . 8$ 
st . Jal.ms (Canada) . . . . = . . . = . . . . . . Sk 
other ................................................. 3% 
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The response of' the trapped electron (E > 40 keV) 

datector for various values of L 8s a functiun of local time is 

displayed in Figures 2 and 3. Each data point for a given 

value of L represents a mearmrement fm an individual  satellite 

pass. The variaus symbols in the above graphs represent r83.1ges 

of B In d e r  to evaluate the relative importance of this 

- 

pa--Ae respct to tcwyu-= ~-wdA~f--~s & di;-i 

effects; these ranges are tabulated in the respective figure 

captions. The Large scatter af the data points at a given 

locu time and L is seen t o  be due t o  true temporal variations 

of the electron intensities and not to  B d-ence. 

L = 4 and 7 (Mgure 2 )  there is no signWicant dependence an 

local t i m e  uf' the med4hn intensities indicated by the solid 

line s m s ;  the upper and luwer datted line segxrmts show 

the counting rates above which and below which, respectively, 

one-fmrth of the data points f'all. A t  L = 8.5 the 

chesscter of the median intensity as a function af local time 

changes strikingly, with a meximum at approximately local noon 

and a mh3um.n at local midnight. 

of the order of 100. 

1 caunt/second or less, the datum is plotted a8 1 count/second 

and hence represents the threshold response. ) 

Far 

The ndmidnight ratio is  

(If the detector counting rate is 

This large 
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d i u r n a l  variation continues for all higher I, values shown i n  

Figu?es 2 and 3 .  In Figure 4 is plotted the nedian reqmse 

of tbe trapped electron (E > 40 keV) detectar as a function 

of L for a few selected local times t o  emphasize and 

s u m a r i z e  the character of the ai- effect.  he invariant 

lati tude JL = arc cos L -1/2 is used in several oit the follow- 

ing graphs displayed in the present investigation and is  

w i t h i n  - 2" of being equal t o  the geawgnetic latitude A over 

North America.) Median annidirectional intensity ccmtaurs 

in the Glocal t h e  coordinate system are summarized i n  

Figure 5 in order t o  exhibit the gross diurnal  features of 

Figures 2 and 3 in anather way. 

intensities of electruns were ccmputed f'ran the median 

responses of the respective unidirectiond detectors by assuming 

that the electran fluxes were isotropic over the detectors' 

f i e l d s  of view and by assuming en altitude of - 150 lm t o  

calculate the trapping and atmrping canes; the uncertainty in 

the result ing d i r e c t i o n e l  intensities due t o  imperfectiaazs 

of the abuve assq$iaas is believed t o  not exceed a factor of 

2 or 3 in absolute values. The uncertainty in  relative values 

is trivlal. 

is at L - 8 at local midnight and L - 20 a t  local nom. A t  

L = 9, the median electran intensity at locai noon is 

- 

The &fan aanidirectional 

'phe l i m i t  of detectable trapped electron intensities 

- - 



5 2  - 6 x 10 (a and at loca~.  midnight is far less  than 

Ihe iso-intensity cmtaurs show an 3 x 103 (Cm2 -)-I. 

apprm.lmnte synnnetry with respect t o  the n o ~ - ~ d n l g h t  

meridian but do appear more nearly sylIpnetrical about a 

meridiau aP - ll:o local the!  beyapla L - lo, 
graph of the median intensities of trapped electrons 

(E - > 40 keV) referred t o  the A-local time coardinate system 

is shown in Figure 6; the limit af detectable  intensities of 

aectroas  was at A - 6po at local midnight and JL 

An alternative - 

no at 
local IKMQ over m r t h  America. 

A s i m i b r  analysis has been performed for the intensities 

of electram prec lpiteted into the upper atmosphere and the 

response af the carrespondding detectar as a Arnction of local 

t h e  is  displayed in Figures 7 and 8. These median counting 

rates also shcw the mset of a d i u r n a l  varia+,ian of two orders of' 

magnltude be- L = 7 and 8.5. 

at L = 4.0 fivrm local midni&t t o  8:Oo may be due t o  a B 

dspendence of the electrm intensities but no interpretatian 

of this dbservation is given here. A few local times have been 

selected and the median counting rate plotted as a f'unctian of 

L in Figure 9, wush displays the rapid decrease at  L - 8 an 

the midnight meridian and significant precipitated electron 

'Ihe depmssian of the median 



intensities to L 

the tmpped electron intsnsities discussed previausly. Again 

the median electron intensities have been summarized in a 

Glocal time cooldinate systen in Figure 10. 

midmum durhg local night and m apparent mexjmum during local 

day at - U:OO and I, - - 8. The rorthern limit of detectable 

electron precipitation is at L - - 8 at locd midnight and 

L - - 20 at local noan; this narthern l i m i t  is at J1.y Bo at 

local midnight a A - no at local nom (see ~igure uj over 

20 an the noon meridian as in the case of 
cy 

There is a broad 

aarth America. 



V. MSCUSSIOI'd 

A large diurnal. variation of the intensities of trapped 

and ab precipitated electrons observed a t  l aw altitudes with 

Injun 111 I s  reported in this preUmbaq investigation, The 

high latitude limits of detectable trapped and of detectable 

precipitated electrms (E > 4.0 keV) intensities a m  s lmi la r  and 

are at 

- 
* 8 (A- - a") near local midnight and at L - 20 - - 

(aA- ir n o )  -- ~~d is sulle tazilLtY ga &as 
distribution of precipitated electram t o  extend t o  higher 

values of L, a t  a low intensity level, during mid-day (ccmpare 

Figures 4 and 7). The present finding of a large diurnal 

variation in the intensities of trapped electrons i s  i n  

sgreernent w i t h  a study of individual passes at 1- altitudes 

with Injun I EtBr1en, 1w; hawever, the accmpnying find- 

of a large diurnal  variation of the intensities of electras 

(E > 40 keV) precipitated into the atmosphere is in dis- 

agreement w i t h  O'Briea Qw ~ h o  cancludeti tentatively in EU] 

- 
early repaacf that no local time dependence of precipitated 

(dumped) electron intensities i s  evident i n  the Injun 111 data. 

Ihe iso-intensity contours of both trapped and precipitated 

electrons (see Figures 5 and 10) are approximately symmetrical 

with respect t o  t h e  noon-midnQht meridies but at L > 10 

this symnetry appears t o  be displaced t o  a meridian of - 11.a. cy 
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An apparent maxlmn af the intensities of precipitated electrum3 

(E 

13m) at L - .Y 8 where the electron intensity IS 

- 5 x 10 (an2 sec)-l; this maximan s t r e  indicates a 

loca2 acceleration mechanism located on the surxward side of 

the magnetosphere. The precipitated electron Intensity contours 

as a fkxt ian of' local time are in qualitative egreement w i t h  

the twraral ri-ter studies of Basler E-, far example. 

40 keV) occurs at approximately locsl noan ( - 9:OO t o  - 
4 

This m e t  SUp@S h i 6  belief that pa& Of the diurnal  

varlatiaa of loolnspheric radio absarptiaa in the auraral region 

is due to a diuraal variatloa of curpuscular radiatim pre- 

cipitated into the ah-. (~scussica of the enhancement 

of absaspticm during day-t haurs due to  electron phato- 

detachmenf processes produced by solar radiation is given by 

chapman and Little mr and chap~an mg.) The 

occurrence v i a  aurora Lmds and Mtt, lw tms a 

maXinnrm during local nigat and is a t i - c m l a t e d  With tbe 

downflux of energetic electram (E 9 40 keV) io the present 

study, which displays  a broad m.fnirmrm at local night; the 

- 

observatiaas of law energy electrans (1 to 10 kev) n0ar the 

quat- plane at L > 8 on the night side of the 

magnetosphere [ t j a u z  et a,, 1=, 1963; -, 1- 

are carrelated in local time vith the visual  aurora studies, 

.y 



Q1 the bases af the abuve local t i m e  and latitude 

surveys of these phencmens it is suggested that the auroral 

rzaraeter absorption may be a t  least, in part, attributed t o  

the precipitation af electrons af > 40 kev reported here and 

that the visual aurarae are a distinctly different phenanena, 

largely associated w i t h  the large intensities of l a w  energy 

electrons (1  t o  10 kev) measured by mingauz and his 

cnllnhoratore and by Freeman on the night s ide  of the 

magnetosphere. 

these lw energy electron intensities throughout the 

magnetosphere and at Its boundasy remain  a largely unacplored 

and cr i t ica l  area 09 experinrental interest. 

of trapped electron (E > 40 keV) intensities for L 

high latitudes during local night has a presumptive correspdence 

t o  the pelhinary results near the equatorial plane With 

Eqlorer XIV@-ank, Van Allen, and Macagno, 19w, which also 

&awed a rapid decrease of electron (E > 40 keV) intensities 

at L 2 8.0 durhg local night. Qne m e a s u r e m e n t  Eakulov et d.., 

l g g  aectraols 09 similar energies at a geanagnetic 

latitude cxf .Y 50" with the Ftussian Mars I probe (Novesiber 1962) 

conf'irms this rapid decrease af intensities on the nie;llt side 

at' the earth at an intermediate latitude. The northern limit 

09 detectable trapped electran intensities has been shm here 

tobe  .hzno (L-20) - onthenooameridianandh-6go - 

k 

CoPIpzxhenslve spatial and temporal surveys of 

The rapid decrease 

8 at - cy 

- 



16 

(L 2 8) m the midnight meridian at  law altitudes. Themtical 

canputations of the motion of electroes cde these energies 3.n a 

model magnetosphere canpressed by the solar wind &nee, l q  

ap-tly do nut yield a latitude displacement of the  mirror 

points of' such electrons sufficient in magnitude t o  account for 

the observed effect. It may be noted that a canprehensive 

survey of the distribution of electrons of similar energies at 

large radial distance0 and far gemqpetic latitudes of 0 t o  

30" is now being ccmphted w i t h  -1oz-e~ XIV. The Eqlorer XIV 

study and the present U u n  III survey will all- us to display 

the intensities of' trapped electrms (E > 40 k e V )  thraaghcut 

a major portian of the magnetosphere and allw a &tical 

exermiraation of the magnetospheric models now at our disposal. 

Further studies now under progress Include the investigation 

of the dependence at' the diurnal variations of trapped and of 

precipitated electrons upan magnetic activity and seasm. 

- 
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FIGURE cmm 

Figure 1, A summary of local time fcrr Injun I11 measurements 
over Horth America for several values of the shell 

parameter L. 
m a n t h  are indicated by the solid bars. 

The local times available during a given 

Mgure 2. Graphs of the trap@ radiation detector response 
as a function of local time, Kith L as a parameter. 
Ihe d i u r n a l  variatlan begins abruptly between L = 7 
and 8.5 . Each data point for a given value of L 
represents the response o f t h e  detector for an 
individual satellite pass. The varlous symbols 
denote ranges of the scalar magnetic f i e l d  strength 

B as follavs: far L = 4.0 and 8.5, 
A , 0.i4-0mi gauss; 0, 0.u-0.25; X, 0.25-0.29; 

a , 0.29-0.35; 0,  0.35-O.WC; for L = 10, 
X, 0.19-0.21; 0, 0.21-023; b 9 023-031; 

Ir , 0.28.0.50. 
Mgure 3, A continuatian of Figure 2 for higher values of 

the parameter L, For L = 14 the symbols denote the 

following ranges of B: x, OJg-0.21 gauss; 
0, 0.21-0.23; cf 9 0.23-025; A 3 025-0.27; 

8,  0.27-029; A , 0.29-0.46. 
Figure 4. Ihe median counting rates of the trapped electron 

detector as a function of L for several local times. 

Figure 5. A summary of the median annidirectianal intensities 
of trapped electrons (E 2 40 keV) measured a t  l o w  
altitudes w i t h  Injun I11 as displayed in a Glocal 

time coardinate system. 
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6. me median omnidirectional intensities of trapped 
electrons (E - > 40 keV) measured a t  l a w  altitudes w i t h  
Injun I11 as displayed in a A - l o c a l  t i m e  coordinate 

system. 

Figure 7. Graphs of the response af the precipitated electrcm 
detector as a function of local time and w i t h  L as a 
parameter. 
between L = 7 and 8.5. 
ranges of B according t o  the same code as in F'igure 2. 

Onset of a large diurnal variation begins 
The symbols denote vari(3us 

Figure 8. A copltinuation of Figure 7 for higher values of 
the ;xcrameter L. For a given L the symbols denote 
the same ranges af B as for the trapped radiation 
detector resparaes (see Figure 3) b 

Figure 9. The median cant ing rates of the precipitated 
electron detectar as a function of L for several local 
t h s  b 

Figure 10, A s v m a r y  of the medias cnrmidirectional intensities 
of electrons (E - > 4 0  keV) precipitated into the 
atmosphere as displayed i n  a &local t i m e  coardinate 
system. 

Figure ll. Ihe median anddirec t iona l  intensities of electrons 
(E - > 40 keV) precipitated into the atmosphere as dis- 

p ~ y e d  i n  a A- -local time coordinate system. 
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